Tbe study-test paradigm was used to investigate memory acquisition processes and tbe effects of repetition on long-term recognition memory. In tbis procedure, subjects are presented witb a list of words ("targets") to be memorized (Study series). Tbey are later tested for recognition on a word list comprised of tbe target words mixed randomly witb an equal number of new, distractor words (Test series). Botb reaction time and tbe P300 component of tbe event-related brain potential were used as measures of processing time. During tbe Study series, large P300s were elicited despite a word category probability of 1.0. Wben tbe words from tbe Study series were divided on tbe basis of recognition performance, words tbat were subsequently recognized elicited P300s witb sborter latencies tban unrecognized words. P300 amplitude to words in tbe Study series increased witb repetition wbile maintaining a constant latency. During tbe Test series, P300 latency and reaction time decreased witb repetition for botb target and distractor words. P300 amplitude to all words increased substantially over Test repetitions witb tai^et words eliciting larger P300s tban distractor words. Words tbat were recognized more consistently during tbe Test series elicited larger and earlier P300s tban words tbat were recognized less consistently. Tbe P300 amplitude and latency results from botb tbe Study and Test series are interpreted as reflecting tbe increased discriminability of tbe target words as tbe memory trace increases in strengtb.
The P300 component of the event-related brain potential (ERP) has been found to index cognitive processing in a variety of paradigms. There are two parameters of the P300 that provide unique indices of information processing-amplitude and latency. P300 amplitude varies directly with the amount of information processing invoked by a stimulus (i.e., processing load) and varies inversely with the subjective probability of a stimulus (Duncan-Johnson & Donchin, 1977; Johnson & Donchin, 1980 : Picton, Campbell, Baribeau-Braun, & Proulx, 1978 Tueting & Sutton, 1976; Tueting, Sutton, & Zubin, We wish to thank Connie C. Duncan-Johnson for her careful reading of earlier versions of the manuscript and making numerous helpful suggestions and criticisms. We also thank Christopher D. Wickens and James F. Juola for their comments on an earlier draft of this paper. A preliminary report on these data was presented at the Twentieth Annual Meeting of the Society for Psychophysiological Research, 1980 . This research was supported by the Medical Research Service of the Veterans Administration.
Address requests for reprints to: Ray Johnson, Jr., National Institutes of Health, NINCDS/Medical Neurology Branch, Building 10, Room 4N246, Bethesda, MD 20205. 1970) , The effects of these variables are in turn modulated by factors that affect the subject's equivocation after a stimulus (Johnson, 1979 (Johnson, , 1984 .
A growing body of evidence has demonstrated that P300 latency can be used as an index of stimulus-evaluation time (Duncan-Johnson, 1981; Duncan-Johnson & Donchin, 1982; Johnson & Donchin, 1985; Kutas, McCarthy, & Donchin, 1977; Pfefferbaum, Ford, Johnson, Wencgrat, & Kopell, 1983) , Other studies have found that P300 latency is independent of response selection and execution processes (Duncan-Johnson & Kopell, 1981; Ford, Mohs, Pfefferbaum, & Kopell, 1980; McCarthy & Donchin, 1981) . Thus, it has been demonstrated that whereas manipulations of stimulus factors affect both reaction time (RT) and P300 latency, manipulations of response factors affect RT and have little, if any, impact on P300 (Ford et al., 1980; McCarthy & Donchin, 1981) .
The effect of a subject's a posteriori uncertainty (i.e,, equivocation) about the nature of a stimulus plays a major role in determining both the amplitude and latency of the resulting P300, For example, Johnson and Donchin (1978) described an experi-ment in which the discriminability of two feedback tones was manipulated. The results demonstrated that the amplitudes of the P3OOs elicited by both stimuli were directly related to their discriminability. As would be expected, P300 latency decreased as stimulus discriminability increased (Johnson & Donchin, 1985) , They also found that positive feedback elicited P3OOs that were both earlier and larger than those elicited by negative feedback, A number of theories of recognition memory assume that items placed in memory are tagged in some way with a continuous variable that provides a measure of the subject's familiarity with the test item (Atkinson & Juola, 1973; Craik & Tulving, 1975; Mandler, 1980; Ratcliff, 1978) . It is reasonable to equate familiarity with an item with the ease with which the item can be discriminated from irrelevant items. In addition, some of these memorytheories hold that increases in the familiarity value for an item are accompanied by increases in the speed with which that item can be identified. Given the relationship between P300 and stimulus discriminability, this ERP component is particularly well suited to studying memory processes. Thus, one would predict that any manipulation of the familiarity dimension would result in changes in both the amphtude and latency of the P300, Several ERP experiments have been devoted to determining the relationship between measures of P300 and memory processes. In the Stemberg paradigm (1969) , P300 latency varies with memory search time in the same way as RT: P300 latency in-set (target) items have shorter latencies than outset (distractor) items (Adam & Collins, 1978; Ford, Roth, Mohs, Hopkins, & Kopell, 1979; Ford et al., 1980; Gomer, Spicuzza, & O'Donnell, 1976) . Moreover, Ford et al, (1980) reported that while changes in stimulus discriminability (i,e,, normal vs, degraded stimuli) do not affect the slopes of the RT and P300 latency functions, the intercepts for both measures increased for the degraded stimuli (cf Sternberg, 1969) , P300 amplitude differences have also been observed in this paradigm. For example, Gomer et al. (1976) reported that targets elicited larger P3OOs than distractors.
It is reasonable to assume that items or events that are subsequently recognized are somehow processed differently from those that are not. Testing this hypothesis has been difficult due to the nature of behavioral measures of information processing. That is, whereas reaction time is useful for quantifying the timing of memory retrieval processes, it is not well suited to illuminating the processes involved in memory acquisition when subjects must study a list of items. However, because P300 am- . 22, No. 5 plitude and latency index the extent and timing of stimulus processing, it is uniquely capable of providing insights into these mental operations.
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The purpose of the present experiment was to assess P300 activity during word acquisition as a function of subsequent performance in a long-term recognition memory task. Since recognition is a function of discriminability, we predicted that words that were better recognized during tests would elicit larger and earlier P3OOs during memory acquisition. To evaluate stimulus processing during the acquisition as well as the retrieval phases of memory, we used the study-test procedure (Murdock & Dufty, 1972; Ratcliff, 1978) . In this paradigm, subjects are presented with a list of words to be memorized (Study series) and subsequently tested for recognition on a list comprised of the target words randomly mixed with an equal number of new, distractor words (Test series). By repeating the Study and Test series with the same list of target words, the effects of repetition on learning and memory were also assessed.
Methods Subjects
Twelve male Stanford University students, aged 18-22 yrs, were paid for their participation in the experiment. All subjects were right-handed and had nonnal
Stimuli
The stimuli were four-letter, one-syllable words presented on a CRT computer terminal. Each word was displayed for 200 ms between two rows of dots that were present continuously. The interstimulus interval was 2250 ms. The rise/fall time for the stimulus IS 4,2 n Procedure The memory paradigm was preceded by a control condition consisting of a Bernoulli series consisting of the words noun and neon. Each was presented with a probability of 0.50 to which the subjects made a choice RT response. These particular words were used because of their physical similarity. Following a practice series of 150 trials, the subject received two blocks of 150 trials. In all respects, the parameters of this task were identical to those of the memory task described below.
A study-test recognition memory procedure was used with a target word list of 75 words. In this procedure, there were two types of series: "Study," in which the subjects watched passively and were instructed to memorize the 75 target items as they were presented one at a time, and "Test," in which the 75 target words were randomly mixed with an equal number of distractor words (not on the list). Subjects made no responses during the Study series. During the Test series, the subjects indicated whether each word was a target or a distractor by pressing one of two buttons. The subjects were instructed to respond as quickly as possible while being careful to avoid making errors.
Presentations of the Study and Test lists were alternated until each had been repeated four times. New lists of distractor words were used in each Test series, and the order of the target words was varied among repetitions. There was a 2,5-min interval between each series in which the subjects worked on a word puzzle. Following a 10-min break after the fourth Test, the entire procedure (four alternations of the Study and Test lists) was repeated using a different list of 75 target words ("Target list 2") and new lists of distractors. No word was a member of more than one list. All 10 word lists were balanced for word frequency, and each list contained 44 nouns, AH words had a frequency greater than two per million (Carroll, Davis, & Richman, 1971) .
The relation between responding hand and stimulus category, as well as the order in which the subjects learned the two different target lists, was counterbalanced across subjects. In all series, a deadline of 1500 ms was placed on the subjects' responses. Responses made after this time were not included. There were no late responses during the Control task.
Recording and Averaging
The electroencephalogram (EEG) was monitored with three Ag-AgCl electrodes affixed to the subject's scalp at Fz, Cz, and Pz, and referenced to linked mastoid electrodes. The subjects were grounded with an electrode placed on the forehead. The electro-oculogram (EOG) was recorded between supra-and sub-orbital electrodes. Grass amplifiers, set to a time constant of 8 s and an upper half-amplitude cutoff of 35 Hz (3dB/octave roll-off), were used.
Experimental control and data acquisition were managed by a PDP-11/40 computer. The EEG and EOG were digitized at a rate of 200 samples per second for a 1350-ms epoch beginning 150 ms prior to stimulus onset. The EEG, EOG, RT, and associated identification for each trial were recorded digitally on magnetic tape.
Trials contaminated by eye-movement artifacts were eliminated by an algorithm that determined the number of time points for which the EOG signal exceeded a criterion. If more than six such points (out of 270) were detected, the trial was rejected. The critenon value, determined during preliminary work, led reliably to the rejection of contaminated trials. The data from 3 subjects were eliminated when it was found that nearly half of their trials were so contaminated.
Quantification of P300
Given the nature of the paradigm, a very large amount of variability in P300 latency was apparent in the averaged waveforms. For example, it was virtually impossible to find a clear P300 peak in the broad, lowamplitude waveforms elicited during the Study series (see Figure 5 ) or in many of the averages from the early Test series. Visual inspection of the averages clearly indicated that traditional peak-picking methods (e,g,, finding the largest positive peak in a given latency range) would result in completely arbitrary peak latencies and amplitudes. We therefore decided to use the single-trial waveforms to calculate latency-adjusted averages for each stimulus category. After digitally filtering the single-trial waveforms from the Pz electrode (-3dB at 5.8 Hz), the latency of the P300 component was determined using the Woody-filter technique within a search epoch that extended from 300 to 1000 ms post-stimulus (Glaser & Ruchkin, 1976; Woody, 1967) , Grand-mean waveforms (over subjects and Target lists 1 and 2) were calculated by aligning the individual subject latency-adjusted averages on the grand-mean (over subjects) P300 latency for each stimulus type in each condition.
For each subject, P300 amplitude was quantified by integrating the area under the curve following latency adjustment and subtracting the average activity during the 150-ms baseline. The area was summed over a 300-ms interval centered around the mean P300 latency as determined by the latency analysis. Since P300 amplitude is directly related to the area of the component, particularly after latency adjustment, these terms may be used interchangeably.
Results

Learning Data
The percentage of correctly identified target and distractor words for each Test is shown in Figure  1 , These data demonstrate that recognition performance improved significantly over Tests for both targets (f(3/24) = 45.5, p<,0001) and distractors (F(3/24) = 9,63, p<.0005). Conversely, repetition produced a large decrease in the percentage of false alarms over time (35,3%, 23,7%, 19.3%, and 19,0% for Tests 1 through 4, respectively).
Control Condition
This condition was meant to provide baseline values for RT and P300 latency and amplitude when memory demands for classifying events were minimal. Reaction times and error rates were the same for noun (493 ms, 2.7%) and neon (497 ms, 2,4%) stimuli. The ERP waveforms elicited by the two stimuli are presented at the top of Figure 2 , As expected, neither P300 latency (482 and 480 ms for noun and neon, respectively) nor P300 amplitude (25 fiV) differed for the two stimuli in this condition. The effect of the latency-adjustment procedure on the P300 is evident even in this relatively undemanding task: The adjusted waveforms have P3OOs with larger amplitudes and sharper peaks.
Effect of Repetition on P300 and Reaction Time
The ERP waveforms elicited during the Test series are also presented in Figure 2 , where the averages for the target and distractor words are superimposed. Although the waveforms from the other electrode sites are not shown, P300 amplitude was maximal at Pz and steadily decreased in the anterior direction. These data reveal that the target words elicited P3OOs that were both larger in amplitude and shorter in latency than those elicited by the distractor words. This result was obtained despite the fact that the subjects consistently placed more words in the target category than in the distractor category (i,e,, over subjects, the probability of a target response was 66,9%, 65,2%, 62.3%, and 63.5% for Test lists 1 through 4), The P300 latencies for the Test series are shown in Figure 3 , It is clear that distractors elicited P3OOs with latencies that were significantly longer than those elicited by targets (F{l/S) = 22,1, p<,002), and the latencies for both sets decreased significantly over successive Tests (F{3/24) = 34,8, p<,0O0l), Accompanying this trend was a decrease in latency variability from Test 1 to Test 4 (e,g,, over subjects, the standard deviation decreased from 131 to 101 ms for the targets Figure 2 where the P300 component becomes sharper over Tests,
P300 Latency Predicts Recognition Perfor
The RTs from Target lists 1 and 2 were not significantly different, indicating an absence of practice effects over the two replications. The combined data for targets and distractors from the two lists are illustrated in Figure 3 , The RT data are quite similar to the P300 latency data, except that the slopes of the RT curves are considerably greater. These data confirm the previously reported findings that target words yield significantly faster RTs than distractor words (f(l/8) = 92,0, p<,0001). They also demonstrate that repeated testing on the same target words results in significantly faster responses for words in both categories (f(3/24) = 32,2, /7<,0001), Reaction time variability also decreased over Tests (i,e,, from 179 to 158 ms and from 200 to 165 ms for the targets and distractors, respectively).
The slopes of the two RT curves, however, were not equal. Whereas the RTs to target words decreased an average (over Tests) of 35 ms/Test, the RTs to distractor words decreased an average (over Tests) of only 30 ms/Test, This is reflected in the "flattening" of the distractor curve following Test 2, Although repetition of the Test lists produced a much larger effect on RT than on P300 latency, the average changes in P300 latency for the targets (11,8 ms/Test) and distractors (9,5 ms/Test) were each one-third of the corresponding changes in RT. This difference between targets and distractors may be due to a priming or template matching effect which 501 elicited during the Study series. Although substantial, these P3OOs were smaller than those elicited by either the target (F(l/8) = 14.0, p<,0\) or the distractor words (f( 1/8) = 8,5, p<,02) when they were presented in the Test series. The P3OOs from these 0 reduc the target words (Posner & Boies, 1971) . Moreover, there was no opportunity to activate templates for the distractor words since each one appeared only once, P300 amplitude for correctly classified words was also a function of practice. As shown in Figure 4 , P300 amplitude increased significantly from Test 1 to Test 4 for both targets and distractors (F(3/24) = 13,0, p<,Om\). Whereas P300 area was not significantly different for the two word categories over all Tests, P300 amplitude for targets was significantly larger than for distractors after Test 1 (F(\l 8) = 9.66, p<.02).
Effect of Recognition Outcome on P300 Amplitude and Latency
In contrast to the Control and Test series, when subjects were required to make a fast motor response, the Study series was a passive task in which the subjects simply monitored the target words as they were presented. As illustrated in Figure 5 , despite a category probability of 1,0, large P3OOs were series displayed the same scalp distribution as those from the Test and Control series. The unadjusted averages reveal that the large amount of latency variability in the Study series did not decrease with repetition (i,e,, over subjects, P300 latency variability was 160, 150, 148, and 148 ms for Study lists 1 through 4), This result is in marked contrast to the Test series when the P3OOs for the targets and distractors became increasingly peaked over tests. The latency and amplitude data from the Study series are quantified in Figure 6 , Unlike the data from the Test lists, P300 latency in the Study series did not vary with practice. The fact that neither P300 latency nor its variability changed over Study series suggests that practice did not markedly affect processing time during memory acquisition. The pattern of changes in P300 amplitude was similar in both the Study and Test conditions, although P300 amplitude increased only marginally from Study list 1 to Study list 4 (F(3/24) = 3,l,p<.05), In order to observe any possible relations between P300 measures and recognition performance, the target words from the Study series were sorted according to whether or not they were recognized on the subsequent Test. Because of a limited number of trials that were free of eye-movement artifacts for one subject, his data were excluded from these analyses. The ERP waveforms for these cat- ages for the "Subsequently Recognized" words are superimposed on the averages for the "Subsequently Unrecognized" words. This comparison reveals that Subsequently Recognized words elicited P3OOs that were an average of 22 ms earlier (over Tests) than those elicited by the Subsequently Unrecognized ( Figure 8A) , Moreover, the latency differences were significant in the first two Study series (f(l/ 7) = 5.9, p<,05),' The P300 amplitude data, however, did not predict recognition performance. Although Subsequently Recognized words tended to elicit slightly larger P3OOs than the Subsequently Unrecognized words, these differences were not significant ( Figure 8B ),
Effect of Memory Strength on RT and P300
After finding that recognition performance was related to the latencies of the P3OOs elicited by the words in the Study series, we were interested in 'Due to the rapidly declining number of trials in the Subsequently Unrecognized category over Tests, statistical comparisons of the latency and amplitude data across all series were impossible. Thus, whereas the data for the Subsequently Recognized category can be considered reliable in all series, only data for the Subsequently Unrecognized category in series 1 and 2 can be considered reliable. determining whether similar effects were also present in the Test series. We reasoned that the consistency with which target words were recognized would be a direct function of the strength of the memory trace (i,e,, familiarity) and that stronger traces would be manifested by faster classification times. To test this hypothesis, the target words were sorted into four categories according to the number of Test lists on which each word was consecutiyely recognized following the first correct recognition. Of the target words, an average (over subjects) of 24% (35,9 words) were correctly recognized on all four Test lists, 8,7% (13,1 words) were recognized on Tests 2 through 4, 1,6% (2,3 words) were recognized on Tests 3 and 4 only, and 0,6% (0,8 words) were recognized only on Test 4, Because of the small number of trials in the latter two categories and the loss of some data due to eye-movement contamination, the ERP data from these categories were not included in the analysis.^ The RT data for Tests 3-4, although based on relatively few trials from 4 subjects, are nevertheless presented.
When divided in this way, the data reveal that, although each word was presented an equal number of times, improved recognition performance was associated with shorter RTs and earlier and slightly larger P3OOs. These differences are quantified in Figure 9 where the RT, P300 latency, and P300
The relatively small number of words in each category is due to the strict criteria used for sorting. First, any word that was followed by a late response (i.e., RT greater than 1500 ms) during any Test was excluded since the intended classification was unknown. Secondly, in order to fall into the Test 4 only category, for example, the subjects had to have misclassified the word on all of the three preceding
TEST LIST TEST LIST Figure 9 . A, Mean reaction times (upper three curves) and P300 latencies (lower two curves) for the ERPs averaged on the basis of when the target words were recognized consistently for the first time. See text for further details. B. Mean P300 areas for the corresponding average ERPs. The units on the ordinate may be converted to ^V-ms by dividing by 2. amplitude findings are presented. It is notable that the failure to recognize a target word on Test 1 alone results in a clear and lasting decrement which is apparent in all three measures. Both RT and P300 latency for the words recognized on Tests 1-4 were significantly shorter than for words recognized on Tests 2-4 (F( 1/8) = 7,2,p<,05,andf(l/8) = 23,2, p<,005, for RT and P300 latency, respectively). Although P300 area was larger on all Tests, these differences did not attain significance (F( 1/8) = 1,2, p = ,31).
Discussion
The key finding here is that improved recognition memory performance is accompanied by faster processing times. This effect is manifested during both the acquisition and retrieval stages of memory in three different ways. First, processing time during memory acquisition (i.e.. Study series) was related to subsequent recognition performance. That is, we demonstrated that words that were subsequently recognized elicited P3OOs with shorter latencies than words that were not subsequently recognized. Second, we replicated the general finding that repeated trials improve recognition memory performance. As expected, recognition time, as measured by P300 latency and RT, was inversely related to the number of correctly identified target words. Third, we found that, during recognition, speeded classification time is also a function of the consistency with which words arc recognized. Thus, when the target words were divided according to the number of consecutive tests on which each was correctly recognized, words that were more consistently recognized elicited earlier P3OOs and faster RTs.
The data from the Study series were of particular interest since it is difficult to adapt RT measures to study the cognitive processes that occur during memory acquisition. A major purpose of this experiment was to determine if, during memory acquisition, differential P300 activity is elicited as a function of subsequent recognition performance. We reasoned that items or events that are later recognized are processed differently from those that are not subsequently recognized and that this differential processing would be manifested in the P3OOs elicited by these items. As previously mentioned, some theories of recognition memory assume that items placed in memory are tagged with a continuous variable that provides a measure of the subject's familiarity with the test item and that recognition time is dependent on these values. Since familiarity with an item can be equated with its discriminability and P300 amplitude and latency are related to discriminability, changes in an item's familiarity value should be reflected in changes in Vol. 22, No. 5 the P300. Although these theories are based solely on data from the equivalent of our Test series, the P300 latency data from the Study series did distinguish the target words on the basis of subsequent performance. That is, we found that earlier P3OOs were elicited during the Study series by words that were recognized subsequently than by those that were not recognized subsequently. Thus, the P300 data provide evidence that there is a link between familiarity and recognition even during the memory acquisition process. There was, however, an interesting difference between the latency results from the two conditions: Whereas P300 latency variability decreased with practice in the Test series, it remained constant over Study series. This finding suggests that, although the cognitive processes which occur during acquisition and recognition are similar, recognition time is more strongly influenced by practice effects than is processing time during memory acquisition.
Since P300 amplitude is directly related to stimulus discriminability (Johnson & Donchin, 1978) , we predicted that better recognized words would elicit larger P3OOs, In fact, Sanquist, Rohrbaugh, Syndulko, and Lindsley (1980) reported slightly larger P3OOs to subsequently recognized words in an incidental learning paradigm, although they had so few data that they did not quantify them. When the data from the Study series in our experiment were divided on the basis of subsequent performance, we found that subsequently recognized words tended to elicit larger P3OOs than subsequently unrecognized words. This trend, however, was not significant. This disappointing finding may have resulted from the rather high overall task demands imposed by having to memorize such a long list of words (i,e,, each word would have to be processed extensively). Because P300 amplitude is also directly related to task demands (Courchesne, 1978; Johnson, 1984; Poon, Thompson, & Marsh, 1976; Tueting & Sutton, 1976) , the difliculty ofthis task may well have masked any differences in the extent to which individual words were processed. The finding that large P3OOs were elicited by the target words during the Study series is further evidence that this was indeed a diflicult task. Although we failed to find a relationship between P300 amplitude and subsequent recognition in the Study series, P300 amplitude did increase over Study series. A similar change in P300 amplitude was reported previously by Peters, Billinger, and Knott (1977) for acquisition trials in a paired associate learning task.
In contrast to the Study series, there were clear P300 amplitude effects during the Test series. For example, we found that larger P3OOs were elicited by target words compared to distractor words. This result was obtained despite the fact that the probability of a word being categorized as a target always exceeded 60 percent. Moreover, as recognition improved, P300 amplitude increased over Tests for both targets and distractors. These increases in P300 amplitude were accompanied by decreases in RT and P300 latency. These results are analogous to those of an experiment in which the discriminability of two feedback tones was manipulated (Johnson & Donchin, 1978) and positive feedback elicited earlier and larger P3OOs than negative feedback (Johnson & Donchin, 1985) , If it is assumed that repeated exposure to the target words strengthens their memory trace, then the net effect of this process would be to make the target words increasingly discdminable from the distractor words. The P300 amplitude results in our memory task are identical to those obtained when stimulus discriminability is varied, including the finding that distractor words elicited smaller P3OOs than target words. Within this framework, the fact that P300 amplitude increased steadily over both the Study and Test series suggests that the increasing discriminability of the target words as a result of practice has similar effects on both memory acquisition and recognition processes.
We also observed a relationship between P300 latency and recognition performance in the Test series. Although it has not been verified experimentally, some investigators have proposed that better recognition performance should change all of the values on the familiarity dimension on a pointfor-point basis (Atkinson & Juola, 1973) . We tested this hypothesis by dividing the P300 and RT data for the target words in the Test series on the basis of when subjects first began to recognize words consistently. This analysis revealed that target words recognized correctly for the first time on Test 1 yielded faster RTs and earlier P3OOs relative to target words recognized correctly for the first time on Test 2. This seemingly slight difference in the time at which items are classified correctly for the first time gave a lasting advantage: The speeded processing of more consistently recognized words lasted over all four Test lists. Since all target words were presented an equal number of times, these results support the hypothesis that repetition of the Study and Test lists translates the entire distribution of familiarity values on a point-for-point basis. It is therefore possible that every target word indeed occupies an idiosyncratic position on the familiarity dimension and that shifts in the mean of the distribution result in equal increments in the familiarity values of all words. The fact that the same latency changes occurred during both the Study and Test series suggests that the phenomenon of speed-505 ed classification times for correctly recognized items has its roots in the acquisition stage of memory. In addition, words recognized correctly for the first time on Test 1 also elicited slightly larger P3OOs than those recognized correctly for the first time at a later point. Taken together, all three measures of processing again provide an example of the very potent effects of the familiarity/discriminability dimension on recognition performance.
During the Test series, the P300 latency data paralleled the RT data for both targets and distractors. There were, however, large differences between these two measures of processing time in that RT decreased about three times as much as P300 latency. The magnitude of the decrease in RT over Tests (140 ms and 120 ms for targets and distractors, respectively) appears to be too great to result exclusively from the sp)eeding of recognition time with repetition. It seems unlikely that such large changes in RT (particularly that between Tests 1 and 2) could result solely from strengthened memory traces leading to speeded processing in the stimulus identification and evaluation stages. Practice effects on RT can be ruled out as a basis for these results since there were no significant differences in RT between the two replications (Target lists 1 and 2) for either targets or distractors.
It is important to note that there need not be a large difference between P300 latency and RT. For example, in the Control condition, when the classification task was relatively easy, RT was an average of only 14 ms later than the peak latency of P300. It is not unusual to find that RT decreases more than P300 latency when task difficulty decreases (Duncan-Johnson, 1981; Ford et al., 1980; McCarthy & Donchin, 1981) . The discrepancy between the magnitude of the changes in the two measures can be explained if we assume that subjects altered their response strategies as the discriminability of the target words increased over Tests. Thus, subjects may have responded cautiously when they were unfamiliar with the target words and changed to responding more quickly as they became more confident of their ability to discriminate accurately the targets from the distractors, P300 latency, on the other hand, remains unaffected by response strategies and therefore would provide a more accurate measure of the actual recognition time. Since we did not also measure confidence, however, this hypothesis is impossible for us to verify.
In light of recent reports that have located the generator of the P300 in the hippocampal area of the brain (Halgren, Squires, Rohrbaugh, Babb, & Crandall, 1980; Okada, Kaufman, & Williamson, 1983; Wood et al., 1984) , it is tempting to speculate that these data support our findings of a relation-
